Abstract : The elution behaviors of phosphate from the slag released by a chemical factory using various eluates were examined. Since this slag was covered with organic species, two pretreatment methods for the slag -one the calcination of the slag and the other the trituration of the slag -were employed to strip away the organic species from the slag. Since the elution rate from the pre-triturated slag was evidently greater than that from the pre-calcined slag, the elution behavior of the former was mainly examined in the present study. For the efficient elution of phosphate from the slag, the use of 1M HNO 3 as an eluate and 30 min of trituration time were suitable. Unfortunately, together with the elution of phosphate from the slag, some cationic species were simultaneously eluted. In the present study, the removal behavior of iron cation, which was a main contaminant in the slag, using calcium hydroxyapatite (CaHAp) was also examined. Even when the solution obtained by the elution of the slag was employed for the removal of Fe 3+ using CaHAp, the Fe 3+ could be favorably removed from the solution. Results from the present study suggests that unused phosphate in slag is a potential source of raw material for rare phosphorus.
INTRODUCTION
It is a given that phosphorus ore will disappear in the near future. However, since phosphorus ore is not indigenous to Japan, all phosphorus ore must be imported from various countries. 1 However, phosphorus is contained in dephosphorization slag that is released from the steel process by ca. 80% of the phosphorus imported to Japan, while most of the slag cannot be used efficiently. 2 Therefore slag may be recognized as a new phosphorus resource that can replace phosphorus ore. In our laboratory, phosphate was separated from dephosphorization slag using a wet-processing method. 3 In the present study, the slag released from a chemical factory was recognized as another unused phosphorus resource and the elution behaviors of phosphate from the slag using various aqueous solutions were examined. The slag is produced by adding phosphoric acid as a neutralizer to the basic waste flowing from a chemical factory. The slag mainly consists of phosphorus, calcium, and iron together with organic species. Particularly the effect of the presence of the organic species in the slag on the elution of phosphate was carefully examined to obtain the efficient elution rate of phosphate using the wet-processing method. It should be noted that a great amount of iron together with calcium was eluted simultaneously when phosphate was eluted from the slag using the wet-processing method. The evident elution of iron had been also examined in the wet-processing of dephosphorization slag. Thus removal of iron species should be performed to enrich the purity of phosphate in the eluted solution. Therefore removal of aqueous iron species from the treated solution, which also contained Ca 2+ and PO 4 3-were also contained, was examined in the present study. For this purpose, the removal of aqueous Fe 3+ using calcium hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 , CaHAp) was also examined in the presence of Ca 2+ and PO 4 3-. Furthermore, the present removal procedure of Fe 3+ using CaHAp was applied to the real solution obtained after the elution of the slag.
MATERIALS AND METHODS
The elution behaviors of phosphate from the slag using various eluates were examined as follows. The slag was obtained directly from a chemical factory. The composition of the slag was analyzed by using X-ray fluorescence (XRF; Shimadzu, EDX-800) and inductively coupled plasma -atomic emission spectrometry (ICP-AES; PerkinElmer Japan, Optima 3000). To examine the elution behaviors of phosphate, iron and calcium ions from the slag, various concentrations of aq. HNO 3 and aq. HCl (both, Wako Pure Chemicals, Osaka) were employed as an eluate. After 100 mL of one of these eluates was added to a flask, 1.0 g of the non-calcined slag or 0.14 g of the calcined slag was added into the flask. It should be noted that organic species were contained in the slag by 86 wt.% and the organic species was completely burned out by the calcination at 823 K for 6 h. Thus the weights of those slags were adjusted to reflect the content of the phosphate. The mixture was stirred at 130 rpm and 298 K in a constant-temperature bath. The solution was filtered after a specific period, and analyzed by ICP-AES for phosphate, iron, and calcium ions. The solid, thus separated, was dried and analyzed by X-ray diffraction (XRD; Rigaku, RINT 2500X) and XRF. To confirm the element distribution with the exception of carbon species, the solid was also analyzed using an electron probe micro analyzer (EPMA; EDAX, Phoenix). To examine the removal of aqueous Fe 3+ with CaHAp, an aqueous solution (100 ml), to which a known quantity of Fe(NO 3 ) 3 . 9H 2 O (Wako) had been added, was stirred at 120 rpm in a constant temperature bath at 293 K for 10 min. In some cases, known quantities of H 3 PO 4 (Wako) and Ca(NO 3 ) 2 . 4H 2 O were also added to the aqueous solution since the solution obtained after the elution of the slag contained mostly PO 4 3-and Ca 2+ together with Fe
3+
. Then, 0.4 g of CaHAp was added to the solution. After a specific period, the aqueous solution was filtered and the supernatant solution was analyzed by ICP-AES. Instead of the aqueous solution, the solution directly obtained after the elution from the slag was also examined.
RESULTS AND DISCUSSION

Effect of the pretreatment of the slag on the elution of the slag
First, to confirm the composition in the slag other than organic species, it (black powder, 1.0 g) was calcined at 823 K for 6 h to obtain 0.14 g of brown powder. Furthermore, the content of each element in the slag (1.0 g) and the brown powder (0.14 g) was similar except for the Fe species. Therefore we estimated that the slag contained organic species by ca. 86%. To confirm the element distribution other than the carbon species, the brown powder was analyzed using EPMA (FIGURE 1). EPMA analysis showed that the oxide species was widely distributed in the solid together with Fe, P and Ca species. To confirm the content of the various elements in the brown powder, 0.14 g of the powder was dissolved in aq. HNO 3 . Since 93% of the brown powder could be dissolved in aq. HNO 3 , the undissolved solid was filtrated. Thus separated, the filtrate and the solid were analyzed by ICP-AES and XRF, respectively. Based on the results obtained by ICP-AES for the dissolved species and XRF for the indissoluble solid, the composition in 0.14 g of the brown powder was confirmed, and is shown in TABLE 1. It should be noted that the amounts of each the elements except Fe were corresponded to that in 1.0 g of the slag before calcination. Before calcination, the slag contained 0.720 mmol of Fe and some parts of the Fe species were sublimated during calcination.
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Content ( Since the slag obtained from a chemical factory contains many organic species, it may be difficult to directly elute phosphate from the slag. Therefore 2 pretreatment methods were employed to strip away the organic species from the slag: one was the calcination of the slag and the other was the trituration of the slag. FIGURE 2 shows the elution rate of phosphate from the slag without the calcination (1.0 g), the slag after the trituration for 0.5 h but without calcination (1.0 g), and the brown powder after the calcination of the slag (0.14 g). It 
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Ca P FIGURE 1. EPMA images of the brown powder should be noted that the phosphate contents of these 3 samples were essentially identical. It was evident that the amount of PO 4 3-eluted from the slag (1.0 g) without calcination, but after triturated for 0.5 h by hand using a mortar and a pestle, was greater than that of the other 2 samples. Therefore, the slag without calcination after trituration for 0.5 h was employed as a sample in the remainder of the present study, unless otherwise stated. In the present study, aq. HNO 3 was used as an eluate although 100% of PO 4 3-in the sample was eluted after 6 h using 1M HCl, in order to avoid a use of halogen species.
Since it was better to elute phosphate from the sample using the diluted eluate within the shorter period, the effect of the concentration of HNO 3 on the elution of phosphate from the sample was examined. As shown in FIGURE 3, the amount of phosphate eluted from the sample increased as the concentration of HNO 3 was increased to reach the almost same amount using 1.0 and 2.0 M HNO 3 . Furthermore, in this case, 0.5 h was sufficient for the elution time.
Therefore, it can be concluded that the employment of 1.0 M HNO 3 and a shorter reaction time of 0.5 h is suitable for the elution of phosphate from the slag obtained from a chemical factory. Since, as shown in TABLE 1, the slag contains various elements, it is expected that other elements are simultaneously eluted together with phosphate from the slag. Since the slag contains mostly Fe 3+ and Ca 2+ together with PO 4 3-, the elution behaviors of these cations were examined using HNO 3 . It should be noted that the slag after the calcination was used for this purpose. When the elution of these ions for 6 h was examined using the calcined slag (0.14 g) and 1M HNO 3 , the elution rates of PO 4 3-, Fe 3+ and Ca 2+ were 74.8, 60.5 and 65.8%, respectively. Since PO 4 3-and Ca 2+ are the main components of phosphorus ore, the simultaneous elution of PO 4 3-and Ca 2+ is not a problem. Therefore it is better to remove Fe 3+ from the solution obtained by the elution from the slag.
Removal of Fe 3+ using CaHAp from the solution obtained after the elution of the slag
Since aqueous Fe 3+ can be efficiently removed using CaHAp, the employment of CaHAp may be suitable for the removal of Fe 3+ from the solution obtained by the elution of the slag. 5, 6 However the removal behavior of Fe 3+ in the presence of Ca 2+ and PO 4 3-remains unclear. Therefore the effect of the presence of Ca 2+ (0.110 mmol) and PO 4 3-(0.400 mmol) on the removal of Fe 3+ (0.720 mmol) from the solution (100 ml) using CaHAp was examined in the present study. Those concentrations were adjusted to the amount of these species in the slag before calcination. At first, the removal of Fe 3+ (0.720 mmol) in the presence of Ca 2+ (0.110 mmol) using CaHAp (0.4 g) was performed.
As shown in FIGURE 4, Fe 3+ was completely removed after 4 h, indicating that the removal of Fe was not influenced by the coexistence of Ca 2+ in the solution. Due to the dissolution of CaHAp into the FIGURE 2. Amounts of PO 4 3-eluted from the slag (1.0 g) without calcination (■), the slag (1.0 g) without calcination but after triturated for 0.5 h (▲) and the calcined slag (0.14 g) (◇) using 1M HNO 3 . solution, the concentration of Ca 2+ increased with time, while that of PO 4 3-, which should be simultaneously dissolved in to the solution, was rather low. It is generally accepted that the removal of aqueous cation (Fe 3+ in this study) using CaHAp proceeds through the dissolution-precipitation mechanism. 7 In the mechanism, CaHAp dissolves to form phosphate anions and Ca
2+
. Then the phosphate reacts with aqueous cations to form the precipitation. Therefore, as shown in FIGURE 4, the concentration of PO 4 3-was little greater than 0 mmol (= initial concentration of PO 4 3- . Again, the concentration of Ca 2+ increased with time, while that of PO 4 3-, was greater than 0.400 mmol (= initial concentration of PO 4 3-in the present experiment) and did not increase with the time.
Finally, the present removal procedure of Fe 3+ using CaHAp was applied to the solution directly obtained from the elution (for 6 h using 1M HNO 3 as an eluate) of the slag before calcination. The solution pH of the solution obtained after the elution of the slag was as low as 0.1, and these conditions were unfavorable for the removal of Fe 3+ using CaHAp. Therefore, after the solution pH was adjusted to as 1.4 using aq. NH 3 , the removal of Fe 3+ was performed in obtaining the results shown in FIGURE 5. As shown in FIGURE 6, the removal of Fe 3+ was completed within 0.5 h. It should be noted that the concentrations of Ca 2+ and PO 4 3-were greater than those shown in FIGURES 4 and 5. The solution pH in FIGURERS 4 and 5 was 2.5, while that in 2 , the regeneration of CaHAp is possible. 7, 8 In some cases, the regeneration results in the formation of calcium phosphate species rather than CaHAp. 7, 8 The regenerated CaHAp or calcium phosphate species can be reused for the removal of aqueous cationic metals. 9, 10 Therefore the combination of the wet-processing method for the slag and the enrichment of phosphate of the solution obtained after the wet-processing using CaAHp should be one of the most possible candidates for the production and the enrichment of phosphate from the slag.
CONCLUSION
Aqueous phosphate can be effectively recovered from the slag obtained from a chemical factory. Although aqueous phosphate was simultaneously eluted with various contaminants from the slag, Fe 3+ , one of the main contaminants, can be favorably eliminated using CaHAp. These results suggest that the slag obtained from a chemical factory is a promising new resource for phosphorus.
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